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OBJECTIVES 
•  Examine the efficacy of EECS to recover valuable materials from EOL PV modules 

•  Comminution studies of PV materials 

•  Examine methods of benefication and overall energy requirements for PV recycling 

EXPERIMENTAL METHODS 

RESULTS & DISCUSSION 
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•  Experimental setup shown in Fig 2. For  a more detailed 
description is see reference [5]. 

•  Particles (granular chunks) 1-3 mm in diameter (Si, Al, CdTe, 
American Elements, 99.9%) 

•  Ferrite core (CMD5005 NiZn ferrite), OD of 160 mm and ID of 
120 mm, with a custom 1.1 cm gap. The core was wound 
with two windings in parallel on either side of the gap 

•  400 W power supply, operating at 52.8 V and 6.6 A with 
resonance frequency of 21.4 kHz, B ~ 60-80 mT 

•  200 g of each material used for a total of 400 g per sorting 
experiment  

•  The results of the experimental campaign [6] 
demonstrate the capability of this technology 
to separate Si/Al and CdTe/Al particles 
mixtures of 1-3 mm with recoveries and grades 
>85% under the given conditions 

•  Deviation from a perfect sort due to non-
spherical particles (especially thin sheet-like 
particles which do not kick as strong) and how 
the particles are fed to the core gap. 

•  Although energy consumption is low, the 
throughput needs to increase by an order of 
magnitude while maintain high recovery and 
grade (>95%) if commercial application is to be 
realized. 

•  Milled PV panels will have much smaller 
part ic les, requir ing greater excitat ion 
frequencies.  

 

Figure 2: Picture of experimental setup used for 
electrodynamic eddy current separation.  

Table 1: Summary of experimental results for sorting 1-3 mm particles 
of Si/Al and CdTe/Al.  

Figure 3: A photograph of an example of a typical sorting experiment for Si/
Al and CdTe/Al 1-3 mm particle mixtures. 

(a)  

Figure 3: (a) A 0.2 [m] ball mill which will be utilized for grinding studies. (b) A 
photograph of a chopped polycrystalline solar panel. (c) The fine material, 
mostly glass, resulting form the polycrystalline panel being ground in the ball 
mill. (d) The polycrystalline panel with bloated EVA after being chemically 
treated with toluene. (e) The polycrystalline panel after cryogenic treatment to 
remove backing and then thermal treatment removing the top layer of EVA. 

BACKGROUND 

 

 

•  Photovoltaic materials have been the focus of 
recent work on resource scarcity and material 
criticality [1-3].  

•  Overburden of end-of-life (EOL) solar panel 
materials is currently not an issue, as many panels 
have yet to reach their maturity (15-20 years).  

•  The annual waste from the photovoltaic industry 
from EOL panels is expected to be 250,000 tons 
(2016 estimate), and according to early-loss 
scenarios, this value could reach up to 78 Mt by 
2050 [4] (Fig. 1). Currently, most EOL PV materials 
are disposed in landfills as an economically viable 
recycling process has yet to be realized. 

•  Rotary drum eddy current separators (Fig. 2(a)) 
have demonstrated industrial recovery of non-
ferrous metals (e.g., Al, Cu, Pb, brass) 

•  Excitation frequency (~1 kHz) limited by rotary 
speed of magnets and struggle to economically 
recover particles >5 mm  

•  New design (Fig. 2(b)) has minimal mechanical 
parts and higher excitation frequencies are 
achievable (~50 kHz) 

•  Previously has demonstrated successful sorting of 
Al/Cu, Cu/Brass, Al/Brass, and Alxxxx series alloys 
(i.e., Al-110/Al-2024, Al-110/Al-6061, and Al-6061/
Al-2024 mixtures) [5] Figure 1: (a) Potential value opportunity projections for PV 

waste in 2030 and 2050 (figure adapted from [4]). (b) Typical 
design for rotary drum eddy current separators. (c) Schematic 
for new design of eddy current separator with variable 
frequency. 
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•  EECS of Si/Al and CdTe/Al 1-3 mm particles 
mixtures is successfully demonstrated; 
however, separation of smaller particles 
approaches the physical limitations of the 
system. The technology may be better 
utilized as a pre-concentration step. 

•  Future work includes detailed studies on the 
comminution of PV materials to understand 
the breakage kinetics, particle size 
distribution and composition, and energy 
demand. 

•  Removal of ethylene-vinyl acetate (EVA) 
has initially been investigated by various 
means such as thermally or chemically 
(Figure 3) 

•  Cryogenic milling experiments. 


